APPARATUS, SYSTEM AND METHOD FOR INTRAOPERATIVE 
PERFORMANCE ANALYSIS DURING JOINT ARTHROPLASTY 



BACKGROUND OF THE INVENTION. 

The present invention relates to an apparatus, system and method for 
5 intraoperative performance analysis during joint arthroplasty. 

In total joint replacement or arthroplasty, bone orientation, selection of prosthetic 
joint components and soft tissue balancing are critical to the success of the procedure. 
Considering, for example, total knee arthroplasty, one or more cutting jigs are used to 
ensure that the distal end of the femur and proximal end of the tibia are cut in an 
1 0 orientation that will properly align the patient's bones. After the bones are cut or 
resected, prosthetic components are fixed to the femur, tibia and patella to define the 
prosthetic knee joint. 

A successful joint replacement or arthroplasty procedure results, in part, from 
selection of prosthetic joint components that are dimensioned and positioned to closely 
1 5 approximate or replicate the geometry and functional characteristics of a natural, healthy 
joint. Typically, the component selection process includes a pre-operative analysis of 
joint images. A valuable intraoperative adjunct to image analysis is the temporary 
fixation of one or more provisional components to a bone or bones of interest at a stage 
of the arthroplasty procedure prior to permanent fixation of the prosthetic joint. The 
20 provisional components are intended to mimic certain aspects of the permanent prosthetic 
joint in order for a surgeon to validate measurements and to test or "try-out" several 
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different possible component sizes and configurations. Hence, provisional components 
are aptly known as "trials." 

In total knee arthroplasty, femoral and tibial trials are used to assist a surgeon in 
assessing the correct resection and alignment prior to implantation of the femoral and 
tibial portions of the artificial knee. A surgeon uses a tibial tray trial before fixation of 
the final implant to determine the tibial implant size, to check that andcorrect bone cut 
and reaming has occurred, to assess alignment and to ensure correct tibial component 
thickness prior to implanting the tibial components. The surgeon uses the femoral trial 
for similar purposes. 

Successful knee arthroplasty also requires an analysis of the soft tissue supporting 
the knee. The knee is held together by a number of ligaments, muscles and tendons. 
Generally, the surgeon must ensure that these ligaments, muscles and tendons will be 
properly balanced with the prosthetic elements in place. A properly balanced knee joint 
will demonstrate balanced ligament tension in both extension and flexion. If the 
ligaments and tendons around the knee are not properly balanced, the result may be poor 
performance, localized high stress on the prosthetic components and undesirable wear on 
the prosthetic components. 

Commonly, surgeons assess ligament tension through a subjective process using 
spacer blocks and mechanical tensioners. If the surgeon senses that either the medial or 
lateral side is under excess tension, the surgeon relieves the excess tension by releasing a 
part of either the medial or lateral collateral ligament. However, the surgeon does not 
necessarily obtain the feedback necessary during ligament release to help assess whether 
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the release is adequate throughout the range of motion; full range of motion information 
can only be obtained with the trial in place. In addition, the surgeon must be careful to 
avoid over-release of the collateral ligaments, since the surgeon cannot undo the release. 
In some cases it is preferable to retain the native posterior cruciate ligment. Some 
5 prosthetic knees are designed to be used with the posterior cruciate ligament in place 
along with the prosthetic device. In these procedures, surgeons assess tension in the 
posterior cruciate ligament with femoral and tibial trials in place on the resected surfaces 
of the femur and tibia. Too much tension could result in premature wear of the prosthetic 
components, and too little tension can make the knee unstable. Surgeons generally 
10 release some of the fibrous attachments between the posterior cruciate ligament and the 
tibia until they are satisfied with the degree of tension in the ligament. The current 
intraoperative posterior cruciate ligament release procedure relies heavily on the 
surgeon's experience and subjective observations, rather than on objective intraoperative 
measurement of ligament tension. 



1 5 SUMMARY OF THE INVENTION 

In one aspect, the present invention provides an instrumented prosthetic knee trial 
comprising an articulating surface, a polymer layer, a body and a sensor array. The 
polymer layer is located at the articulating surface. The body has a curved contoured 
surface. The sensor array is between the polymer layer and the curved contoured surface 

20 of the body. The sensor array has a curved contour substantially following the curved 
contour of at least part of curved contoured surface of the body. The sensor array is 
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capable of generating a signal in response to pressure. The polymer layer has a curved 
contour substantially following the curved contour of the sensor array. The polymer 
layer overlies substantially all of the sensor array. 

In another aspect, the present invention provides a knee joint tension sensor 

5 device comprising a polymer layer and a sensor array. The sensor array is secured to the 
polymer layer. The polymer layer and the sensor array both have a curved contour. The 
sensor array is capable of generating a signal in response to pressure. 

In another aspect, the present invention provides a system for balancing soft tissue 
intraoperatively during knee joint arthroplasty. The system includes a first joint trial 

10 having a curved convex articulating surface and a second joint trial having a curved 

concave articulating surface for receiving the convex articulating surface of the first joint 
trial. The second joint trial includes a polymer layer at the articulating surface, a sensor 
array and a body. The sensor array is below the polymer layer. The sensor array has a 
curved convex undersurface contour substantially following the curved concave contour 

15 of the articulating surface. The sensor array is capable of generating a signal in response 
to pressure. The body is below the sensor array, and has a curved concave surface 
adjacent to the sensor array. 

In another aspect, the present invention provides a method of making an 
instrumented prosthetic knee trial. A curved contoured forming surface is provided, 

20 along with a conformable sensor array and a polymer material. The polymer material is 
formed over the curved contoured forming surface so that the polymer material has a 
curved contoured surface that substantially mates with the curved contoured forming 
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surface. The forming can be accomplished by vacuum forming. The formed polymer 
material and conformable sensor array are assembled so that the conformable sensor 
array is positioned against the curved contoured surface of the polymer material. The 
conformable sensor array conforms substantially to the curved contoured surface of the 

5 polymer material. 

In another aspect, the present invention provides a method of balancing soft tissue 
during knee joint arthroplasty. A first joint trial having a curved convex articular surface 
is provided, along with an instrumented second joint trial. The instrumented second joint 
trial has a curved concave articulating surface for receiving the convex articulating 

1 0 surface of the first joint trial. The second joint trial includes a curved concave protective 
layer at the articulating surface, a sensor array and a body. The sensor array is below the 
protective layer. The sensor array has a curved concave contour substantially following 
the curved concave contour of the articulating surface of the second joint trial, and is 
capable of generating a signal in response to pressure. The body is below the sensor 

15 array The body has a curved concave surface adjacent to the sensor array. The method 
further comprises resecting adjacent portions of two bones, placing the first joint trial on 
one of the resected bones and the second joint trial on the second resected bone. The 
surgeon then flexes the bones about the first and second joint trials so that portions of the 
first joint trial bear against contact portions of the protective layer. 

20 In another aspect, the present invention provides a method of instructing surgeons 

in the art of knee joint arthroplasty. A first joint trial having a curved convex articular 
surface is provided, along with an instrumented second joint trial. The instrumented 
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second joint trial has a curved concave articulating surface for receiving the convex 
articulating surface of the first joint trial. The second joint trial includes a curved 
concave protective layer at the articulating surface, a sensor array and a body. The sensor 
array is below the protective layer. The sensor array has a curved concave top surface 
contour substantially following the curved concave contour of the articulating surface of 
the second joint trial, and is capable of generating a signal in response to pressure. The 
body is below the sensor array. The body has a curved concave top surface adjacent to 
the sensor array. The method further comprises resecting adjacent portions of two bones, 
placing the first joint trial on one of the resected bones and the second joint trial on the 
second resected bone. The surgeon then flexes the bones about the first and second joint 
trials so that portions of the first joint trial bear against contact portions of the protective 
layer allowing for measurement of the forces between the trials. 

In another aspect, the present invention provides a system for balancing soft tissue 
intraoperatively during knee joint arthroplasty. The system comprises a body having a 
curved concave surface, a conformable sensor array, and a preformed protective cover 
having a curved concave surface and a curved convex surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, prosthetic joint trials are illustrated, with like 
reference numbers used for like parts in all embodiments. 

FIG. 1 is a perspective view of an instrumented tibial trial incorporating the 
principles of the present invention; 



Attorney's Docket No. DEP-75 9NP 
Express Mail No. EU048062790US 



PATENT APPLICATION 



7 

FIG. 2 is a cross-section of the instrumented tibial insert trial portion of the 
instrumented tibial trial of FIG. 1, taken along line 2-2 of FIG. 1; 

FIG. 3 is a cross-section of the instrumented tibial insert trial portion of the 
instrumented tibial trial of FIGS. 1-2, taken along line 3-3 of FIG. 1; 

FIG. 4 is a diagrammatic view of the instrumented tibial trial of FIGS. 1-4, 
together with a femoral trial, in position on the resected surfaces of a patient; 

FIG. 5 is a perspective view of a second embodiment of an instrumented tibial 
insert trial; 

FIG. 6 is an elevation of the instrumented tibial insert trial of FIG. 5, shown in 
partial cross-section; 

FIG. 7 is a cross-section of the instrumented tibial insert trial of FIGS. 5-6, taken 

along line 7-7 of FIG. 6; 

FIG. 8 is a front elevation of a typical femoral trial; 

FIG. 9 is a side elevation of the femoral trial of FIG. 8, taken along line 9-9 of 

FIG. 8; 

FIG. 10 is a front elevation of another typical femoral trial; 
FIG. 1 1 is a side elevation of the femoral trial of FIG. 10, taken along line 11-11 
of FIG. 10; 

FIG. 12 is a top plan view of a typical tibial tray trial; 

FIG. 13 is a front elevation of the tibial tray trial and stem of FIG. 12; 
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FIG. 14 is a diagrammatic view of a system including the instrumented tibial trial 
of the present invention, providing input to a computer that also receives input from an 
image recorder; 

FIG. 15 is a perspective view of a joint tension sensor device incorporating the 
principles of the present invention; 

FIG. 16 is a cross-section of the joint tension sensor device of FIG. 15, taken 
along line 16-16 of FIG. 15; 

FIG. 17 is a cross-section of the joint tension sensor device of FIGS. 15-16, taken 
along line 17-17 of FIG. 15; and 

FIG. 18 is diagrammatic plan view of a sensor mat that can be used in the present 
invention, two of which can be joined with a polymer layer to form the joint tension 
sensor device of FIGS. 15-17, and two of which can be joined with a polymer layer and 
body to form an instrumented tibial insert trial as illustrated in FIGS. 1-11. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

The first embodiment of the invention, illustrated in FIGS. 1-4, comprises an 
instrumented tibial trial insert 10. Another embodiment of an instrumented tibial trial 
insert is illustrated in FIGS. 5-7 at 10A. An embodiment of a joint tension sensor device 
is illustrated at 1 OB in FIGS. 15-17. 

Each illustrated tibial trial insert 10, 10A, 10B is part of a tibial trial that also 
includes a tibial trial tray and stem, such as that shown at 1 1 in FIGS. 12-13. The entire 
tibial trial assembly is designated 13 in FIGS. 1 and 4. For a tibial trial insert like that 
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shown in FIGS. 5-7, the tibial tray and stem would have a different design than for the 
design shown in FIGS. 12-13. Each tibial trial is part of a trial system that also includes a 
femoral trial, examples of which are illustrated in FIGS. 8-1 1 as 12 and 12 A. The 
femoral trials could be one-piece or multiple piece parts of the system or kit. A surgical 
5 kit would typically include several different sizes of both tibial trials and femoral trials. 

The surgeon uses the trials 1 1, 12, 12A, 13 (see FIGS. 4, 8-13) as provisional joint 
components, removably attaching them to the resected tibia and femur during the 
arthroplasty prior to permanent fixation of the prosthetic joint. It should be understood 
that there are a great variety of designs for tibial and femoral trials, and that the illustrated 

10 shapes, sizes and construction (e.g. modular versus integral) for all the elements are 

provided by way of example only; the present invention is not limited to any shape, size, 
material, or construction of any element unless expressly set forth in the claims. 

FIG. 4 illustrates two such prosthetic trials 12, 13 in place on a femur 14 and tibia 
16. The trial components 12, 13 are intended to mimic certain aspects of the permanent 

15 prosthetic tibial and femoral joint elements in order for a surgeon to validate 

measurements and to test or "try-out" several different possible component sizes and 
configurations. 

As shown in FIG. 4, the illustrated instrumented tibial trial 13 includes a distal 
plate portion 18 for contacting the proximal plane 20 of the resected tibia 16. The 
20 instrumented tibial trial 13 also includes an articulating surface 22, shown in FIGS. 1-3, 
5-7 and 15-17. In both embodiments illustrated in FIGS. 1-4 and 5-7, the articulating 
surface 22 is part of the instrumented tibial insert trial 10, 10A. Each articulating surface 
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22 has a curved contour with medial and lateral curved concave portions 24, 26 
connected by a raised central portion 28 and surrounded by a raised outer edge 30. 

The articulating surface 22 of the instrumented tibial trial 13 is defined by a 
polymer layer 32. The polymer layer 32 covers and protects a sensor array 34. The 
illustrated sensor array 34 has medial and lateral curved portions that rest upon 
complementary curved concave portions of a body 36. The illustrated sensor array 34 is 
concave on its proximal surface against the polymer layer 32 and convex on its distal 
surface against the tibial trial insert body. In other words, the sensor array 34 is 
sandwiched between surfaces of the polymer layer 32 and the body 36 of the tibial trial 
insert that have complementary curved contours. The sensor array is shaped to conform 
with the shapes of the surfaces above and below it. These curved contoured portions of 
the instrumented tibial trial are shaped to complement the shapes of the condylar portions 
at the distal end of the femoral trial, such as the curved condylar portions shown at 42, 44 
in FIGS. 8-11. As shown in FIG. 2, the polymer layer 32 may include side edges 33 that 
provide an interference fit over the sides 35 of the body 36. 

Generally, the polymer layer 32 should be capable of protecting the sensor array 
34 from the stresses of the trialing process, be capable of being sterilized for use in 
surgery, and be capable of transferring stress to the sensor array 34 so that forces and 
pressure distributions and concentrations can be evaluated as discussed below. The 
polymer layer 32 in the illustrated embodiments comprises high density polyethylene. 
The illustrated polymer layer has a thickness of about 1/32 inch (about 0.8 mm), or 
slightly more, and can be formed from a sheet of polyethylene. A commercially available 
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material may be used for the polymer layer 32. A suitable example is .020" HDPE sheet 
and .030" HDPE sheet material available from Eastech Plastics of Columbus, Ohio. It 
should be understood that the particular material and form of this material are identified 
for purposes of example only; the present invention is not limited to any particular 
5 polymer or any particular form of polymer unless expressly called for in the claims. For 
example, depending on the procedure used for making the tibial trial insert, materials 
such as low density polyethylene and polypropylene might be usable. 

The sensor array 34 in the illustrated embodiments comprises a grid of pressure 
transducers, connected together to define a thin, flexible and conformable sheet. Two 

10 sensor arrays 34 could be provided, one for each of the medial and lateral curved concave 
portions 24, 26 of the articulating surface 22. Alternatively, a single butterfly-shaped 
sensor array could be provided, one wing for each of the medial and lateral curved 
concave portions 24, 26 of the articulating surface 22, as illustrated in FIG. 1 . The 
pressure transducers produce a signal in response to pressure; in the illustrated 

15 embodiments, the sensor array 34 produces electrical signals, but the invention is not so 
limited unless expressly called for in the claims. 

An illustrative sensor array 34 preferably has the following characteristics: it is 
thin (e.g 1.5 mm thick), usable over the range of anticipated pressures (e.g. 5 N/cm 2 - 
200 N/cm 2 ), elastically comformable to the insert contour, and has the ability to be 

20 sterilized, particularly by conventional sterilization techniques. However, it should be 
understood that unless a particular characteristic is expressly called for in the claims, the 
invention is not intended to be limited to any particular characteristic. 
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The sensor array 34 preferably underlies the entire area of the articulating surface 
22 that is designed to interface with the mating articulating surface of the femoral trial. It 
should be understood that the actual shape and dimensions for each sensor array will 
therefore vary with the design and size of the trials. 
5 A suitable example of a commercially available sensor array 34 is available from 

novelElectronics Inc. of St. Paul Minnesota (and novel gmbH of Munich, Germany, 
www.novel.de). It is identified by novel as part of the "pliance" system. Each pad has 
128 pressure sensors, a thickness of about 1.5 mm, a total sensor area of 43 x 21.5 mm 2 , 
an elasticity of greater than 2%, a sensitivity of less than 2 N/cm 2 and greater than 4 

10 N/cm 2 , and a usable pressure range of 5-200 N/cm 2 . Two such pads may be used in each 
instrumented tibial trial insert 10, 10A, 10B. It should be understood that this particular 
sensor array and the above-identified characteristics of the sensor array are provided by 
way of example only; the present invention is not limited to this sensor array or these 
characteristics unless expressly called for in the claims. For example, it is expected that 

1 5 new materials and new products will become commercially available that could be used 
with the present invention; for example, a capacitive fabric could be usable. 

It should be understood that the accompanying drawings are not drawn to scale. 
Typically, the sensor array may have a thickness on the order of 1 .5 mm or less, for 
example, while the polymer layer may have a thickness of about 0.8 mm (1/32 inch) , for 

20 example. 

A diagrammatic representation of an example of a sensor mat 49 is shown in FIG. 
18. Two such mats would be present in a sensor array 34 for a single tibial trial. 
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The body 36 of the prosthetic tibial trial may comprise a standard tibial insert 
trial, to be used with a standard corresponding tray trial, e.g. as shown at 1 1 in FIG. 4. 
The standard insert trial may have a standard proximal surface 37 with standard medial 
and lateral portions with concavely-curved contours, as shown at 38, 40 in FIGS. 2-3 and 
5 6-7. Opposite the curved contours 38, 40 the tibial trial inset has a distal portion that is 
supported on the tibial tray trial 1 1 . Generally, in prior designs, the proximal surface 37 
of the body 36 would have been the articulating surface of the tibial trial. 

The tibial trial insert body 36 may be made of standard materials, such as nylon, 
UHMWPE, acetal copolymer, polyethylene or polypropylene, for example, and the tray 

10 trial 1 1 may be made of standard material such as stainless steel. Such standard 
prosthetic tibial trial components are available from DePuy Orthopaedics, Inc. of 
Warsaw, Indiana under trademarks such as: LCS®, LCS® COMPLETE, PFC SIGMA, 
and PFC SIGMA RP. However, it should be understood that these commercial products 
are identified for purposes of illustration only; the invention is not limited to any 

15 particular product unless expressly called for in the claims. 

The designs, shapes, sizes and construction of the trials may vary from those 
shown in the embodiments of FIGS. 1-3. Other implant designs will typically have trials 
generally corresponding in shape and size to the implant components. For example, the 
tibial trial of the present invention may be shaped for use with cruciate retaining knees, as 

20 well as posterior stabilized prosthetic knees, either fixed or mobile bearing. Suitable 

trials for cruciate retaining prostheses are illustrated in FIGS. 1-4 and 8-9; suitable trials 
for posterior balanced knee prostheses are illustrated in FIGS. 5-7 and 10-11. 
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In addition, in some instances it may be desirable to produce an instrumented 
tibial trial component where the polymer layer 32 and sensor array 34 are not adhered to 
the insert body 36. An example of such an alternative design is illustrated in FIGS. 15- 
17. 

5 The femoral trials 12, 12A (FIGS. 8-1 1) may be standard commercially available 

products, made of standard materials. Standard femoral trials are available from DePuy 
Orthopaedics, Inc. of Warsaw, Indiana. However, it should be understood that these 
commercial products are identified for purposes of illustration only; the invention is not 
limited to any particular product unless expressly called for in the claims. 

10 All of the trials may be used with commercial prosthetic implants available from 

DePuy Orthopaedics, Inc. of Warsaw, Indiana. However, it should be understood that 
these commercial products are identified for purposes of illustration only; the invention is 
not limited to any particular product unless expressly called for in the claims. 

A variety of methods may be used to make the illustrated instrumented tibial trial 

15 11. For example, a sheet of polymer material such as high density polyethylene can be 
placed over the proximal surface 37 of a standard commercially available tibial trial 
insert body 36, such as a nylon body, heated and vacuum- formed over the trial insert 
body. During the vacuum forming process, the sheet of polymer material forms over the 
proximal surface 37 of the trial insert body 36. After the polymer material has cooled, 

20 the formed polymer layer 32 is removed from the trial insert body. Excess polymer 

material may be trimmed away. The resultant polymer layer or cover has curved concave 
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condylar portions on the top side (proximal surface) and curved convex condylar portions 
on the underside (distal surface). 

The proximal surface 37 of the tibial trial insert body 36 can be prepared to 
receive the sensor array 34 and polymer layer 32 by roughening the surface 37 with fine 
5 sandpaper. When the proximal surface 37 has sufficient porosity to form a bond, a 
silicone adhesive (e.g. E43 ELASTOSIL available from Wacker-Chemie GmbH of 
Germany) is applied to bond the sensor array 34 to the proximal surface 37 of the tibial 
trial insert body 36 and to the underside of the preformed polymer layer 32. Since the 
sensor array 34 is formable and flexible, it becomes contoured in this process, to follow 

10 the curved concave contours of the proximal surface 37 of the tibial trial insert body 36 
and the curved convex contours of the distal surface of the preformed polymer layer 32. 
When the composite tibial trial 13 is complete, electrical connectors 50 from the sensor 
array 34 extend outward beyond the articulating surface 22 of the trial; the electrical 
connectors 50 are positioned to be easily accessible from the anterior side of the trial 

1 5 during surgery. 

The instrumented tibial trial of the present invention may also be made in separate 
components. As shown in the embodiment of FIGS. 15-17, the sensor array 34 can be 
adhered to a polymer 32 but maintained separate from the body 36 of the trial. The same 
sensor array 34 could then be used, for example, with a plurality of different thicknesses 

20 of trial insert bodies 36. 

The joint trial is sterilized prior to use in surgery. For the instrumented tibial trial 
insert 10, 10A, 10B, the sterilization process is preferably one that will adequately 
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sterilize the trial 10, 10A, 10B without damaging the sensor array 34, polymer layer 32, 
body 36 or bonds between these layers. The sterilization process is preferably one that 
can be used repeatedly without damaging or compromising these layers and the bonds 
between these layers. One example of a suitable process is the STERRAD® 100S 
Sterilization System, a low temperature sterilization system available from Advanced 
Sterilization Products of Irvine, California. The cycle in this commercial system 
comprises evacuation of the sterilization chamber to 400 mTorr, automatic injection and 
diffusion of 1.8 ml of vaporized H 2 0 2 and activation of low temperature H 2 0 2 gas plasma 
with 400W RF power at 500 mTorr pressure for 17 minutes. During the second half of 
the cycle, the above steps are repeated. The sterilization chamber is then vented to return 
it to atmospheric pressure. The sterilization cycle is then complete. This sterilization 
system has proven to be effective for repeat sterilization of the prosthetic tibial trial 
described above; it has been used for ten sterilization cycles without compromising the 
silicone bond or the capacitive properties of the sensors. However, it is expected that 
other sterilization techniques can be employed, and the present invention should not be 
interpreted as being limited to a particular sterilization technique unless expressly called 
for in the claims. 

It should be understood that the above-described manufacturing process is 
provided as an example of one possible method for making the instrumented trial of the 
present invention. The invention is not limited to this or to any other process unless 
expressly called for in the claims. Other processes may be used. For example, if the 
polymer layer is formed over a metal base having a top surface shaped like the trial body 
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articulating surface 37, other forming methods can be used, including methods utilizing 
higher temperatures. 

The use of a separate master for forming the contoured polymer layer may be 
particularly desirable in the case of designs where vacuum forming is difficult or 
5 undesirable. For example, in the case of trials for posterior-stabilized tibial components, 
it may be desirable to design a master or process that allows for the formation of a 
polymer layer in the desired shape. The use of a separate master will allow greater 
flexibility in the choice of materials and methods for forming the polymer layer. It 
should also be understood that the polymer layer could be made in two or more pieces to 

10 protect discrete sensor arrays. 

In addition, due to the expense of each sensor array 34, it may be desirable to 
produce a single or limited number of independent joint tension sensor devices, such as 
that shown at 10B in FIGS. 15-17. Such a joint tension sensor device can be used with 
more than one size of tibial trial; for example, such a joint tension sensor device could be 

15 designed to be used with two or three close sizes of trials. 

Moreover, it may be desirable to use separate sensor elements or arrays that are 
connected to provide input to the same computer. The term "sensor array" as used herein 
should be understood to include both integral and separate configurations of sensors and 
sensor mats unless expressly limited by the claims. "Sensor array" is intended to broadly 

20 encompass devices such as those described herein as well as those made of other 
materials (e.g., a capacitive fabric) and having other characteristics. 



i 
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In use in arthroplasties, the surgeon performs the initial surgical steps in a 
standard manner. When the point of trialing is reached, the surgeon uses the 
instrumented joint trial of the present invention (e.g., tibial trial 13) instead of prior art 
joint trials, along with a standard complementary prosthetic joint trial (e.g. femoral trial 

5 12, 12 A). The electrical connector 50 of the sensor array 34 is hooked up to one end of a 
lead cord, shown diagrammatically at 52 in FIG. 14, the other end of which is hooked up 
to a computer, shown diagrammatically at 54 in FIG. 14. The lead cord 52 can be kept 
sterile in the field by covering it with a clear tube drape. The system may also include a 
image recorder, shown diagrammatically at 56 in FIG. 14, such as a digital video camera, 

10 that is also connected to the computer 54. The computer may be programmed with 
commercially available software for analysis of the data provided by the instrumented 
tibial trial; suitable software is available from novel Electronics gmbH under the 
designation "pliance" ("pliance FTM-KE" software, along with other components such as 
a "pliance FTM-KE" electronics analyzer, other novel KE software, etc.). 

1 5 The surgeon then manipulates the patient's leg (or other limb as the case may be), 

taking the knee through its full range of motion. As the surgeon does so, the articulating 
distal surface of the femoral trial contacts the articulating proximal surface of the 
polymer layer of the tibial trial. Depending on the gap between the resected femur and 
tibia and the size of trials used and the condition of the soft tissue around the joint, there 

20 will be forces between the articulating surfaces of the trials. These forces may vary in 
concentration, position and magnitude with, for example, the position of the knee. The 
surgeon may concurrently analyze the pressure distribution in each condyle to ensure that 
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pressure is not unduly concentrated in one area, to thereby maximize the longevity of the 
implant. 

From the forces measured and pressure distributions, the surgeon can also 
determine whether additional bone must be removed, whether soft tissue needs to be 

5 released, and whether the size of implant is optimal, for example. A series of small soft 
tissue releases can be performed, and the surgeon can analyze the effect of each to ensure 
that the release is not excessive. Data from the sensor array 34 can be recorded 
simultaneously with video images, so that the surgeon is not limited to "real time" 
evaluation, but can also review the data after manipulating the knee. 

10 The surgeon may wish to use the prosthetic trials of the present invention in 

conjunction with standard surgical tensors, particularly those that measure force 
mechanically. Thus, the output from the sensor array 34 can be calibrated to correlate 
with the mechanical measurement. The surgeon may also wish to use the prosthetic trials 
of the present invention together with spacer blocks. 

15 The display at the computer 54 may include, for example, a video image, shown 

diagrammatically at 58 in FIG. 14, a display of the magnitude of force, shown 
diagrammatically at 60 in FIG. 14, and a display of the concentration of pressure, shown 
diagrammatically at 62 in FIG. 14. As indicated above, the data can be recorded so that 
the surgeon is not limited to real time analysis. It should be understood that these 

20 displays are identified by way of example only; the present invention is not limited to any 
particular display or to the use of a computer with such inputs unless expressly called for 
in the claims. 
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In cruciate retaining procedures, the surgeon can use the information provided to 
release the posterior cruciate ligament. The surgeon can balance the posterior cruciate 
ligament with the trials in place, and can assess balance using objective data. 

After the surgeon is satisfied with the flexion and extension gaps, the size and 
5 components of the prosthetic implant trial and the balance of forces exerted by the soft 
tissue surrounding the joint, the surgeon can then select the optimal prosthetic implant 
components and continue with the surgery in the normal manner. 

It will be appreciated that the principles of the present invention can also be 
applied to the training of surgeons. For example, the system and method of the present 
10 invention could be used in learning surgical techniques on cadavers. The system of the 
present invention may also prove useful in optimizing the designs of implants. 

Although the illustrated embodiments of the invention are associated with tibial 
trials, it should be understood that the femoral trial could alternatively or additionally be 
the instrumented one. In addition, the device and methods of the present invention could 
15 be used on spacer blocks used in the procedure. 

Some variations in the above-described components, system and methods may be 
desirable. For example, the thickness of the prosthetic trial may be adjusted. Instead of 
the trial body being dimensioned substantially like the corresponding final implant 
component, the trial body can be made slightly thinner, to account for the thickness of the 
20 polymer layer and sensor array. Thus, the body of the trial can be made 1/32 inch thinner 
than the implant to account for the thickness of the polymer layer, and can be made an 
additional 1 mm thinner to account for the thickness of the sensor array; however, it may 
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be desirable for the total insert to be slightly thicker than the reduction in thickness of the 
trial to insure loading of the insert. 

Thus, the present invention provides the surgeon with an apparatus, method, and 
system for evaluating overall knee balance intraoperatively. It allows the surgeon to 
assess balance throughout the range of motion of the knee, avoiding flexion, extension 
and midstance imbalances. It can help the surgeon: understand the influence of implant 
orientation and soft tissue balance on one another; manage severe deformities with proper 
releases while avoiding inadvertent over-release; and determine the proper tension in the 
posterior cruciate ligament for cruciate sparing implants required to obtain adequate 
stability and kinematics. It can be used to train surgeons to perform these tasks 
efficiently. 

While only specific embodiments of the invention have been described and 
shown, it is apparent that various alternatives and modifications can be made thereto. 
Moreover, those skilled in the art will also recognize that certain additions can be made to 
these embodiments. It is, therefore, the intention in the appended claims to cover all such 
alternatives, modifications and additions as may fall within the true scope of the 
invention. 



